Determining whether associations between lifestyle behaviours and health outcomes are causal is difficult in observational data. However, as genetic variants associated with these behaviours are discovered, this will provide opportunities for testing causality using Mendelian randomisation methods. These use genetic variants as proxies for exposures to minimise biases associated with observational data, enabling stronger causal inference. Here we review the principles and main approaches for conducting Mendelian randomisation studies, and discuss recent methodological developments for investigating more complex causal pathways. Mendelian randomisation offers considerable promise for improving our understanding of the causal relationships between lifestyle behaviours and health outcomes, and its application will increase as more genetic variants robustly associated with behavioural phenotypes are identified.
Genome-wide association studies (GWAS) are revealing genetic variants associated with phenotypes such as tobacco use [1] [2] [3] , obesity [4] and educational attainment [5] . These findings have advanced our understanding of the neurobiological basis of these phenotypes [6] , but also offer the opportunity to use this information to make causal inferences regarding their effects on a range of outcomes. Mendelian randomisation (MR) is based on instrumental variable (IV) methods developed in the economics literature, and aims to minimise problems of measurement bias, confounding and reverse causality intrinsic to observational studies. IV analysis requires a variable that is a proxy or instrument for the exposure of interest, which must meet a number of criteria: (1) association with the exposure of interest; (2) no association with the outcome of interest, apart from via the exposure; (3) no association with confounders affecting the relationship under investigation; and (4) unable to introduce potential confounding in to the relationship [7] . Given an appropriate instrument, confounders will be randomly distributed across the conditions of interest in the same way as a randomised trial -(see Figure 1) . This is particularly important in observational studies; confounders may be difficult to adequately adjust for, and some may be impossible to measure or unknown [8] . An ideal instrument would be unrelated to measured or unmeasured confounders, known or unknown.
Mendelian randomisation
Mendelian randomisation uses genetic variants as instruments for environmental exposures [9 ,10] . These can take the form of individual single nucleotide polymorphisms (SNPs), or polygenic risk scores, which must be robustly associated with the exposure of interest (e.g., smoking heaviness or alcohol use) (see Figure 2) . The principle of MR relies on the basic (but approximate) laws of Mendelian genetics (segregation and independent assortment). If these hold then, at a population level, genetic variants will not be associated with potential confounders [11, 12] . The SNP or risk score must also not directly affect the outcome being investigated. Certain exposures, such as number of cigarettes or amount of alcohol consumed, allow for this assumption to be tested, as the effect of gene on the outcome can be assessed in those unexposed to the putative causal risk factor. For example, if a gene meant to be a proxy for number of cigarettes smoked has a relationship with an outcome in those who have never smoked, this suggests a direct effect of the gene.
SNPs or risk scores have other potential benefits over observational studies. For example, genes act on exposures over a long period, and therefore better index long-term environmental exposure than self-report measures taken at a specific time point. Also, MR effectively rules out reverse causation: the outcome cannot affect genotype. Therefore, if specific genetic variants associated with environmental exposures are identified, it may be possible to use MR to explore the causal effects of 
